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We onsider a self-interating salar eld in a de Sitter bakground and deal with the assoiated
infrared divergenes in a purely diagrammati way using the in-in formalism. In the partiular
ase of a large N O(N) invariant salar eld theory with quarti self-interations we reover the
result that the onneted four-point orrelation funtion, whih is a signal of non-Gaussianity, is
non-perturbatively enhaned with respet to its tree-level value.
I. INTRODUCTION
The detetion of non-Gaussianity (NG) [1℄ in the osmologial perturbations generated during ination [2℄ has beome
one of the primary targets of forthoming experiments measuring the properties of the Cosmi Mirowave Bakground
(CMB) and matter utuations. NG is originated by the self-interations of the elds involved in the inationary
dynamis plus those indued by gravity. The eet of loop orretions on the physial observables generated during
a de Sitter epoh of exatly exponential expansion have attrated muh attention in the past [3, 4, 5, 6, 7, 8, 9℄ and
more reently [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22℄, espeially as far as the resummation of infra-red (IR)
divergenes is onerned. IR divergenes appear beause of the umulative eets of the superhorizon perturbations
whih are ontinuously generated during the de Sitter stage. Dierent approahes have been put forward to deal
with them. The 2PI (Two-Partile-Irreduible) formalism has been adopted in Refs. [3, 4℄, while a stohasti eld
theory method has originally been used in Ref. [7℄ where the underlying idea is that the IR part of a salar eld
may be onsidered as a lassial spae-dependent stohasti eld satisfying a loal Langevin equation. The stohasti
noise terms arise from the quantum utuations whih beomes lassial at horizon rossing and then ontribute
to the bakground. An hybrid method, ombining the stohasti approah and the out-of-equilibrium eld theory
tehniques of the in-in formalism [23℄ to solve the gap equation desriving the time-dependent evolution of the two-
point orrelator, has been reently used in Ref. [21℄ for a self-interating O(N) model in the limit of large N and it
was shown that the onneted four-point orrelator, the so-alled trispetrum, is non-perturbatively enhaned with
respet to its tree-level value.
In this paper we adopt a purely diagrammati approah based on the in-in formalism to analyze the IR diver-
genes. We restrit ourselves to a quarti self-interating salar eld in a de Sitter bakground and show that the
IR resummation of a ertain lass of diagrams ours. Generalizing the omputation to N salar elds subjet to an
O(N) symmetry with large N , we reover the results of Ref. [21℄. In this sense, our results should be onsidered
omplementary to alternative approahes, e.g. the stohati approah.
The paper is organized as follows. In Setion II we summarize the in-in formalism and the Feynmann rules needed
to alulate the higher order orretions for the salar eld orrelators. In Setion III we expliitly perform the loop
alulations. In Setion IV, we disuss the partiular ase of O(N) symmetri model and the trispetrum. In Setion
V we summarize and onlude our work.
II. SELF-INTERACTING SCALAR FIELD IN DE SITTER BACKGROUND
A. Closed Time Path Formalism
We use the in-in formalism, also dubbed Closed Time Path (CTP) formalism, to alulate the orrelation funtions
of a salar eld in a de Sitter bakground. Following Shwinger [23, 24℄, we introdue the two external soures J+(x)
and J−(x) and onsider the quantity
Z[J+, J−] = J−〈0−|0+〉J+ . (1)
2The vauum evolves indipendently under two soures J+ and J−. We may rewrite the latter as
Z[J+, J−] =
∫
Dφ
〈
0−
∣∣∣∣T˜ exp
[
−i
∫ t∗
−∞
dt
∫
d3xJ−(x)φH(x)
]∣∣∣∣φ
〉
〈
φ
∣∣∣∣T exp
[
i
∫ t∗
−∞
dt
∫
d3xJ+(x)φH (x)
]∣∣∣∣ 0−
〉
, (2)
where T˜ denotes antitemporal order. Here |φ〉 is an element of a omplete, orthonormal set of ommon eigenvetors
of the eld operators at some late time t∗,
φH(x, t)|ψ〉 = Φ(x)|φ〉. (3)
From the denitions (1) and (2), one an obtain the following relations [24℄:
Z[J, J ] = 1, Z[J+, J−] = (Z[J−, J+])∗ , (4)
and
(−i)n−m ∂
n+mZ[J+, J−]
∂J−(x1) . . . ∂J−(xm)∂J+(y1) . . . ∂J+(yn)
∣∣∣∣∣
J+,J−=0
=
〈0−|T˜ [φH(x1) . . . φH(xm)]T [φH(y1) . . . φH(yn)]|0−〉. (5)
The expetations value an be be obtained by variation of the soures J+ and J−. In partiular for a time-dependent
Hamiltonian system H(t) that starts in a state |in〉 at time tin, we an write the expetation value as:
〈Q(t)〉 =
〈
in
∣∣∣∣
[
T¯ exp
(
i
∫ t
tin
dt′H(t′)
)]
Q
[
Texp
(
−i
∫ t
tin
dt′H(t′)
)]∣∣∣∣ in
〉
. (6)
Now we move to a urved spae, namely to a de Sitter bakground. We write the Lagrangian density for a salar eld
with potential V (φ) as
L [φ] =
√−g
(
gµν
1
2
∂µφ∂νφ− 1
2
m2φ2 − 1
2
ξRφ2 − V (φ)
)
+ δL , (7)
where the metri has signature − + ++, ξ is the onformal parameter and δL is the ounterterm. Choosing m = 0
and ξ = 0 we selet a massless minimally oupled salar eld. The generating funtional beomes [12℄
Z[J+, J−, ρ(tin)] =
∫
Dφ+inDφ−in〈φ+in|ρ(tin)|φ−in〉 (8)∫ φ−
in
φ
+
in
Dφ+Dφ−ei
R
t
tin
dt′
R
d3x(L[φ+]−L[φ−]+J+φ++J−φ−) .
The path integral on the seond line an be written in short-hand notation as∫
Dφ exp
[
i
∫
C
dt′
∫
d3x (L[φ] + Jφ)
]
, (9)
where C is the so-alled Shwinger-Keldysh ontour whih runs from tin to t and bak. The eld φ and soure J are
split up in φ+, J+ on the rst part of this ontour, and φ
−
, J− on the seond part, with the ondition φ+(t) = φ−(t).
To alulate perturbatively orrelation funtions we need to have the free two-point funtions. There are four possible
time orderings and, using eq. (9) one obtains:
G−+(x, y) = i〈φ(x)φ(y)〉(0) , (10)
G+−(x, y) = i〈φ(y)φ(x)〉(0) , (11)
3FIG. 1: An example of Keldysh Contour C
and
G++(x, y) = i〈Tφ(x)φ(y)〉(0) (12)
= θ(x0 − y0)G−+(x, y) + θ(y0 − x0)G+−(x, y),
G−−(x, y) = i〈T¯φ(x)φ(y)〉(0) (13)
= θ(x0 − y0)G+−(x, y) + θ(y0 − x0)G−+(x, y),
where by the supersript (0) we denote the free eld orrelation funtions. They obey the important identity
G++(x, y) +G−−(x, y) = G−+(x, y) +G+−(x, y), (14)
and they an be put together in a matrix:
G(x, y) =
(
G++(x, y) G+−(x, y)
G−+(x, y) G−−(x, y)
)
. (15)
Note that the two point funtions depend on the initial onditions via the dependene on ρ(ti) of the generating fun-
tional eq. (9). It is useful to transform the φ+ and φ− elds to a dierent basis, whih is a variation of the Keldysh basis:
(
φC
φ∆
)
=
(
(φ+ + φ−)/2
φ+ − φ−
)
= R
(
φ+
φ−
)
, (16)
with
R =
(
1/2 1/2
1 −1
)
. (17)
The free two point funtions in this basis an easily be obtained by the transformation
GK(x, y) = RG(x, y)R
T =
(
iGC(x, y) GR(x, y)
GA(x, y) 0
)
, (18)
The "G∆∆" propagator in the matrix (18) (the element (2,2) of GK(x, y)) is identially zero due to eq. (14), as an
be seen by performing diretly the produt. Finally the GR and GA two point funtions are alled the retarded and
advaned propagators and GA(x, y) = GR(y, x).
B. Feynmann Rules for φ4
We hoose the potential to be V (φ) = λ4!φ
4
. The Lagrangian density beomes:
L [φ] =
√−g
(
gµν
1
2
∂µφ∂νφ+
λ
4!
φ4
)
We perform now the eld transformation as in eq.(16), obtaining
L [φC , φ∆] =
√−g
[
gµν∂µφC∂νφ∆ − λ
4!
(
4φ3Cφ∆ + φCφ
3
∆
)]
(19)
We notie that the theory has two verties. From now on we will utilize the onformal time τ , dened as τ =
− ∫∞
t
dt′/a(t′). Note that, as a funtion of τ , the sale fator is a(τ) = −(Hτ)−1. The free two-point funtions in the
late time limit are [12℄:
G
(0)
C (k, τ1, τ2) =
H2
2k3
, (20)
GR(k, τ1, τ2) = θ(τ1 − τ2)H
2
3
(τ1
3 − τ23) (21)
4and G
(0)
A (k, τ1, τ2) = G
(0)
R (k, τ2, τ1). The two point funtions depend only on the length of the spatial momentum
k = |k|.
Following [12℄, we represent the φC eld with a full line and the φ∆ eld with a dashed line and so we an write the
Feynman rules for the two-point funtions as
G
(0)
C
(k, τ1, τ2) ,
−iG
(0)
R
(k, τ1, τ2) = −iG
(0)
A
(k, τ2, τ1) .
We have two dierent verties. One ontains three powers of φC and one of φ∆ so we draw it with three full lines
and one dashed line. The other instead ontains one power of φC and three of φ∆, hene a vertex with three dashed
lines and one full line. Sine we are in a de Sitter bakground,
√−g = a4(τ) and the verties beome:
−ia4(τ)λφC 3φ∆ −ia4(τ)λ4φCφ3∆
When a two point funtion is attahed to a vertex, the orresponding time has to be integrated over, so we get a
∫
dτ ,
while for a losed loop we get an integral over the internal spatial momentum
∫
d3p/(2π)3.
Considering the form of GR we an already exlude the presene of loop with mixed lines, like in gure 2. Indeed,
FIG. 2: The loop is formed by a retarded propagator GR starting and ending at time τ3. It is identially zero.
suh a loop would lose a retarded propagator GR on the same time τ = τ1 = τ2 but, due to the embedded θ(τ1− τ2),
it vanishes. So the only possible loop that we an build with our set of Feynmann's rules is made of a full line. It is
given by
Λ(τ) =
∫
d3p
(2π)3
G
(0)
C (p, τ, τ) , (22)
where again by the supersript (0) we mean the free orrelation funtions. Sine we will alulate orrelation funtions
at higher orders, the supersript (i) will help us to keep trak of whih order are we onsidering at eah moment. As
argued in [24℄, primitively divergent graphs ontain only verties of the same type. If there were verties of dierent
type, then at least two internal lines would be retarded propagators, the orresponding momenta would be on shell,
the orresponding loop integral would be nite and the graph would not have been primitively divergent. Now the
graphs of the in-in eetive ation with all verties of the same sign are just the graphs of the in-out theory plus their
omplex onjugates, so the primitive divergenes must be the same. One the primitive divergenes are ontrolled, it
is only a matter of ombinatoris to show that the overlapping divergenes disappear as well.
5III. HIGHER ORDER CORRELATION FUNCTIONS FOR φ
Sine we are interested in the the IR modes, for whih (−kτ ≪ 1), the free two-point funtions GC(k, τ1, τ2) and
GR(k, τ1, τ2) an be expanded in powers of kτ [12℄:
G
(0)
C (k, τ1, τ2) =
H2
2k3
, (23)
G
(0)
R (k, τ1, τ2) = θ(τ1 − τ2)
H2
3k3
[k3(τ31 − τ32 )]. (24)
In the in-in formalism there are two verties but we fous only on the one with three full lines and one dashed line.
The reason is that the 〈φCφC〉 = GC has a momentum dependene k−3 and thus is divergent in the infrared, while
the 〈φCφ∆〉 = GR does not. Moreover, we note that for a vertex with three dashed lines it is not possible to build
loops sine they vanish identially.
A. First Order Diagrams
The simplest orretion to the free propagators G
(0)
C and G
(0)
R omes from the graphs with a single tadpole. The only
ontribution omes from the graph with the full line loop thus gure 3 is the only rst order orretion to G
(0)
C : Due
FIG. 3: One tadpole GC and GR propagators
to the simmetry of GC we must onsider also the mirror diagram and using the expressions (23) and (24), we obtain
integrals of the form
∫ τ1
− 1
k
dτ3a
4(τ3)G
(0)
R (k, τ1, τ3)
∫
d3p
(2π)3
G
(0)
C (p, τ3, τ3)G
(0)
C (k, τ3, τ2) , (25)
where p is the internal momentum of the tadpole and k the momentum owing in the diagram. We set the inferior
limit of integration to − 1
k
instead of −∞, beause we are interested in following perturbations from the moment of
horizon exit up to some later time τ . The horizon exit time is given by the ondition −kτh = 1 and so τh = − 1k . The
tadpole integral over d3p is divergent but an be in general regularized hoosing appropriate infrared and ultraviolet
utos, ΛIR and ΛUV ,
Λ ≡
∫
d3p
(2π)3
G
(0)
C (p, τ3, τ3) =
H2
(2π)2
ln
(
ΛUV
ΛIR
)
. (26)
In our ontext the hoie of the ut-os is rather natural. The IR ut-o ΛIR is proportional to aiH , where ai is the
sale fator at the beginning of ination and H is the Hubble rate, while ΛUV is equal to k, therefore the logarithm is
proportional to the total number of e-folds from the beginning of ination to the time the mode k exits the horizon.
Before performing the alulation we must also onsider the oeient in front of the graph oming from Wik's
theorem. We have φ∆(φC)
3
from the vertex and the external legs, φC(τ1) and φC(τ2). So there are three possibilities
for ontrating φ(τ2) with one of the φC of the vertex and one for ontrating φC(τ1) with the vertex's φ∆, whih
sum up to 3 in front of the graph. Performing the alulation and onsidering also the mirror graph, at leading order
we obtain
G
(1)
C (k, τ1, τ2) ≃
H2
2k3
λΛ
H2
(ln(−kτ1) + ln(−kτ2)) . (27)
6The retarded propagator at one loop has no mirror graph due to the oddness of the GR under exhange of times. The
Wik ontration fator is again 3. Then, at leading order for a one-loop GR graph with τ1 > τ2:
− iG(1)R (k, τ1, τ2) = θ(τ1 − τ2)
iH2
3
λΛ
H2
(τ1
3 + τ2
3) ln
(
τ1
τ2
)
. (28)
These results oinide with those in Refs. [13, 14℄ and show the IR divergenes due to ther umulative eets.
B. Higher Order Corretions
To try to ure the divergenes we need to proeed to higher orders. Already at the seond order, three graph
topologies an be identied, the tadpole hain (e.g. g. 4), the tower graphs(e.g. g. 5) and the sunrise (e.g. g. 6).
1. Tadpole Chain Graphs
The two-tadpole hain graphs an easily be alulated, basially adding a GR and losing in a tadpole two of the
straight lines of the seond vertex (g. 4). The amplitudes for the two-tadpole hain propagators are
G
(2)
C (k, τ1, τ2) ≃
H
2k3
(
λΛ
H2
)2
1
2!
(ln2(−kτ1) + ln2(−kτ2)), (29)
− iG(2)R (k, τ1, τ2) ≃
−iH2
3
(
λΛ
H2
)2
1
2!
(τ1
3 − τ23) ln2
(
τ1
τ2
)
. (30)
The n-th order hain graphs an be alulated in the same way and we nd
FIG. 4: Two-tadpole GC and GR propagators.
GchainC (k, τ1, τ2) ≡
H2
2k3
e
λΛ
H2
ln(k2τ1τ2)
= G
(0)
C e
ǫ ln(k2τ1τ2)
(31)
= G
(0)
C (k
2τ1τ2)
ǫ , (32)
− iGchainR (k, τ1, τ2) ≡ θ(τ1 − τ2)
−iH2
3
(τ1
3−ǫτ2ǫ − τ1ǫτ23−ǫ), (33)
where ǫ = λΛ
H2
. The IR modes resummation of the hain diagrams generates a spetrum of perturbations whih is no
longer at, but blue tilted. Next, we onsider the resummation of the tower graphs.
2. Tower Graphs
To write the amplitude for the GtowerC at seond order we must be more areful. Indeed, we have two loops
whih are hained one into the other; in the GR tower diagram from two onseutive retarded propagators
G
(0)
R (k, τ1, τ3)G
(0)
R (k, τ3, τ2) one obtains τ1 > τ3 > τ2 while for the GC tower diagram one obtains only τ1 > τ3.
We note however that the times internal to the loops do not reeive onstraints from the θ funtions relative to
τ1, τ3, τ2. The integral over the time dτ4 must then extend from a loop harateristi time to the upper end whih is
7given by the θ funtion embedded in GR(p, τ3, τ4). The only time sale available is the one given by the momentum
p, thus the integral over dτ4 is evaluated between − 1p and τ3. With these onsiderations the amplitude for the tower
GC diagram is given by
G
tower(2)
C (k, τ1, τ2) =
∫ τ1
− 1
k
dτ3
∫
d3p
(2π)3
∫
d3q
(2π)3
∫ τ3
− 1
p
dτ4(−i)G(0)R (k, τ1, τ3)
(−iλa4(τ3))G(0)C (k, τ3, τ2)(−i)G(0)R (p, τ3, τ4)(−iλa4(τ4))G(0)C (q, τ4, τ4)G(0)C (p, τ4, τ3) , (34)
and the amplitude for the retarded propagator is
G
tower(2)
R (k, τ1, τ2) = θ(τ1 − τ2)
∫ τ1
τ2
dτ3
∫
d3p
(2π)3
∫
d3q
(2π)3
∫ τ3
− 1
p
dτ4(−i)G(0)R (k, τ1, τ3)
(−iλa4(τ3))G(0)R (k, τ3, τ2)(−i)G(0)R (p, τ3, τ4)(−iλa4(τ4))G(0)C (q, τ4, τ4)G(0)C (p, τ4, τ3) , (35)
Performing the alulation and onsidering the mirror graph we obtain
G
tower(2)
C ≃
H2
2k3
(
λΛ
H2
)2
1
2!
[ln2(−kτ1) + ln2(−kτ2)] , (36)
while for the retarded propagator we obtain:
− iGtower(2)R ≃ θ(τ1 − τ2)
iH2
3
(
λΛ
H2
)2 (
τ1
3 + τ2
3
)
ln2
(
τ1
τ2
)
. (37)
Also in this ase it is possible to alulate the n-th order ontribution:
−iGtower(n)R (k, τ1, τ2) = θ(τ1 − τ2)
iH2
3
ǫ2+m
22m
(2 +m)!
(τ1
3 + τ2
3) ln2+m
(
τ1
τ2
)
,
and summing over all ontribution with m between 0 and ∞ one obtains a ontribution proportional to the one-loop
tadpole diagram. For example, for the retarded propagator:
− iGtowerR (k, τ1, τ2) = θ(τ1 − τ2)
iH2
3
(τ1
3 + τ2
3)4ǫ ln
(
τ1
τ2
)
. (38)
Performing this last sums is equivalent to sum vertially over the whole lass of tower graphs. Interestingly, the result
is proportional to the rst order graph, see eq. (28), that an be resummed as shown in the previous setion. Therefore
the resummation of the tower graphs an be aounted for just sending ǫ into ǫ′ = 5ǫ, whih does not hange the
properties obtained from eq. (31).
FIG. 5: Seond order tower diagrams for GC(left) and GR(right).
8FIG. 6: Seond order sunrise diagrams for GC(left) and GR(right).
3. Sunrise Graphs
Despite the graphial dierene in respet to the tadpole hains, these diagrams translate exatly into tadpole graphs.
For example the sunrise GC an be written as
G
sun(2)
C (k, τ1, τ2) =
∫ τ1
− 1
k
dτ3
∫
d3p
(2π)3
∫
d3q
(2π)3
∫ τ3
− 1
k
dτ4(−i)G(0)R (k, τ1, τ3)(−iλa4(τ3))G(0)C (p, τ3, τ4)(−i)G(0)R (k − p− q, τ3, τ4)(−iλa4(τ4))G(0)C (q, τ3, τ4)G(0)C (k, τ4, τ2) , (39)
and the same for the GR. However the the ombinatorial oeient in front of the integrals is dierent than in the ase
of hain graphs, sine there are two ways to ontrat φC(τ1) with a φ∆ of the verties, then three to ontrat one φC
of the rst vertex to the φ∆ of the seond and nally six to ontrat the remaining free φC in the two verties. In total
we have a 36/2!. The ontributions oming from the tadpole and sunrise diagrams dier for a numerial onstant. If
we resum the whole lass of sunrise diagrams the result is therefore proportional to the rst order tadpole graph. One
should not laim vitory too soon though. Already at one loop, one should aount for the vertex renormalization.
Unfortunately, the IR resummation of the vertex renormalizing graphs proves to be a diult task beause of the
presene of diagrams whose time ow in the internal lines is not ontinous. This is not surprising at all, sine it is
very well known that only in ertain lass of self-interating models, the full resummation is possible. We now turn
to one of these examples, generalizing our results to N ≫ 1 elds respeting an O(N) symmetry.
IV. O(N) SYMMETRY AND THE TRISPECTRUM
One way to be able to disard all the graphs exept towers and tadpoles is to assume that we have N ≫ 1 elds
with an O(N) symmetry. Under this assumption, thanks to the normalization of the verties (that gives a N−1 for
eah vertex) and the loop over the free indies in loops (an N for every free index) , tadpole and tower graphs are
proportional to N0, while all the other graphs sale at least as N−1. Therefore, under the assumption that N ≫ 1
and aording to our diagrammati results, we onlude that IR eets may be resummed. In Ref. [21℄ the same
model was analyzed using non perturbative stohasti tehniques. There, from the Fokker-Plank equation, the eld
quadrati mean value, whih is linked to the orrelation funtions by 〈φ2〉 = G++(x, x),was obtained〈(
φ
H
)2〉
= G++(x, x) =
Tanh(
√
λ¯
4π2 ln a)√
λ¯
, (40)
with λ¯ = 4π2λ/3, and then inserted it into the gap equation in order to be able to solve for G++(x, x′),
−
(
x +m
2 +
λ
2
[
φ2c(x) +G
++(x, x)
])
G++(x, x′) = i
δ(x− x′)√−g . (41)
The result for the two-point orrelation funtions was
GC(k; τ1, τ2) ≈ H
2
2k3
(−kτ1)δ(−kτ2)δ, (42)
GR(k; τ1, τ2) ≈ θ(τ1 − τ2)H
2
k3
[
(−kτ1)δ(−kτ2)3−δ − (−kτ2)δ(−kτ1)3−δ)
]
. (43)
9whih have the same form as our eq. (31) and (33), exept for the δ ≡ m2np/3H2. The mass mnp is what ontrols the
IR divergenes and appears beause G++(x, x) goes rapidly to a onstant and thus plays the role of a mass in eq.(40).
In our diagrammati approah, the same non perturbative mass appears if we think to eq. (22) as a gap equation for
the IR ut-o, but using the resummed propagator GchainC ,
m2np = 3λΛ =
9λH4
8π2m2np
, (44)
that is
m2np =
3H2
2π
√
λ
2
, ǫ =
1
2π
√
λ
2
, (45)
whih has the same dependene on λ as the non perturbative mass found in [21℄. The numerial oeient do not
oinide due to the dierent normalization of the potential. Indeed, redening λ → λ/3!, one obtains the potential
V = λφ4/4 and mp and ǫ oinide with mnp and δ of Ref. [21℄. Therefore, the diagrammati approah reprodues the
ndings obtained using the stohasti approah. In partiular, if we are interested in the evaluation of the trispetrum,
we need to evaluate
〈δφC(k1, τ)δφC(k2, τ)δφC (k3, τ)δφC(k4, τ)〉 = T (k1,k2,k3,k4)(2π)3δ 3(k1 + k2 + k3 + k4). (46)
At tree level the 4-point funtion is built with free propagators as shown in gure (7) It is neessary to sum over the
FIG. 7: Four point funtion alulated at tree level (left) and with the resummed propagators (right) .
permutations, sine eah of the four momenta an be owing through the retarded propagator. The amplitude at tree
level is
T tree(k1,k2,k3,k4) =
4∑
i=1
∫ τ
dτ ′e−i(
P4
l=1 kl)τ
′
(
−i λ
N
a4(τ ′)
)
(47)
(−iG(0)R (ki, τ, τ ′))
∏
j 6=i
G
(0)
C (kj , τ, τ
′)e−i[
P4
i=1
ki]τ
′
,
whih, for kτi ≪ 1 (i = 1, · · · , 4):
T tree(k1,k2,k3,k4, τ) = − λH
4
24N
∏4
i=1 ki
3
4∑
i=1
ki
3
[
−γ − iπ
2
− ln
[
−(
∑
ki)τ
]]
. (48)
Equation (48) reprodues the result obtained by Bernardeau et al. in [25℄. Under the hypothesis of N ≫ 1, the
trispetrum is obtained the exatly resummed propagators, that is the 'double-line' propagators on the right of g. 7.
The amplitude is
T chain(k1,k2,k3,k4) =
4∑
i=1
∫ τ
dτ ′e−i(
P
4
l=1
kl)τ
′
(
−i λ
N
a4(τ ′)
)
(49)
(−iGchainR (ki, τ, τ ′))
∏
j 6=i
GchainC (kj , τ, τ
′)e−i[
P
4
i=1 ki]τ
′
= − λ
N
H4
24
1∏4
i=1 ki
3
4∑
i=1
ki
3
∏
j 6=i
kj
2ǫτ6ǫ [−E4−4ǫ(iktτ) + E1−2ǫ(iktτ)] , (50)
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where the funtion En(z) is dened as
En(z) =
∫ ∞
1
e−zt
tn
dt. (51)
Thus in the limit −kτi ≪ 1 the amplitude beomes
T chain(k1,k2,k3,k4) =
λ
N
H4
48ǫ
∑4
i=1 k
3
i∏4
i=1 k
3
i
, (52)
whih again oinides in form with what found in Ref. [21℄. In partiular, the resummed trispetrum shows an
enhanement fator∼ 1/
√
λ ompared to the tree level result. Higher loop orretions to the trispetrum are suppresed
by the fat that the propagators are now IR regulated.
V. CONCLUSIONS
In this paper we have analyzed the IR orretions to the orrelators for a self-interating salar eld in a de Sitter
bakground. We have used a full diagrammati approah within the in-in formalism. In this sense, our results should
be onsidered omplementary to alternative approahes, e.g. the stohati approah. It is reassuring that the same
results are obtained one the IR resummation an be performed as in the large N O(N) theory.
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